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(57) ABSTRACT 

A magnetic disk unit of form factor Size with a low power 
consumption, a short average Seek time and a high perfor 
mance. The unit includes at least two spindles for Supporting 
and rotating magnetic disks. Specifically, two 1.3-inch disks, 
three 1.0-inch disks or four 0.7-inch disks are arranged in a 
housing originally intended for a 1.8-inch magnetic disk. 
The unit further includes a device for writing and reading 
information while Selecting a spindle. The card-type disk 
unit thus can be reduced in thickness, with a Smaller power 
consumption for Starting the disk rotation and further with 
an improved average Seek Velocity. 

7 Claims, 5 Drawing Sheets 
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DISK DRIVE UNIT HAVING MULTIPLE 
DISKSARRANGED IN A PLANE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. No. 
08/398,803, filed on Mar. 6, 1995, now abandoned, the 
entire disclosure of which is hereby incorporated by refer 
CCC. 

BACKGROUND OF THE INVENTION 

The present invention relates to magnetic disks Such as 
flexible magnetic disk units and rigid magnetic disk units. 

The conventional magnetic disk unit comprises a Spindle 
for Supporting and rotating a magnetic disk, at least one 
magnetic disk, a magnetic head arranged in opposed relation 
to the Surface of each magnetic disk for reading and writing 
Signals and a positioner for holding and positioning the 
magnetic head, all the components being contained in a 
housing. A device of this type is disclosed in JP-A-62 
197975. 

Examination by the present inventors, however, shows 
that in the case where a disk having a diameter correspond 
ing to a housing of predetermined size is driven in that 
housing, the reduction in the power required for disk rotation 
and the increase in Seek Velocity are limited. 

SUMMARY OF THE INVENTION 

The present invention has been developed in view of the 
aforementioned points, and the object thereof is to provide 
a magnetic disk unit which has a large capacity and a low 
power consumption as a whole. 

In order to achieve the above-mentioned object, according 
to one aspect of the invention, there is provided a magnetic 
disk unit comprising a plurality of magnetic disks, a plurality 
of Spindles for Supporting and rotating the magnetic disks, a 
plurality of magnetic heads arranged face to face with the 
magnetic disk Surfaces for reading and writing Signals, at 
least one positioner for holding and positioning the magnetic 
heads, and a housing for accommodating the aforemen 
tioned component parts, wherein a plurality of the magnetic 
disks are arranged in the same plane without being over 
lapped in the housing of 11 mm or leSS in thickness. 

According to another aspect of the invention, there is 
provided a magnetic disk unit comprising a housing which 
is, for example, for PCMCIA (Personal Computer memory 
card International Association) Standard of PC card size: 
54.0+0.1x85.6+0.1x5.0 or less (Type II), 54.0+0.1x 
85.6+0.1x3.3+0.2 (Type I) (m/m), originally intended to 
accommodate a magnetic disk with a side having a prede 
termined data area, wherein a plurality of magnetic disks 
each smaller in diameter than the PCMCIA size's magnetic 
disk are arranged in a plane within the housing, the magnetic 
disks having a total one-side data area equal to the one-side 
data area of the originally-intended magnetic disk. 

According to Still another aspect of the invention, there is 
provided a magnetic disk unit comprising at least two 
rotating mechanisms (spindles) in the housing and means for 
reading and writing information by Selecting the rotating 
mechanisms. 
The rotating mechanisms (spindles) are preferably 

arranged in a plane in the housing in order to achieve a thin 
Structure of the disk unit. For example, a housing originally 
built for a 1.8-inch size disk is preferably adapted to 
accommodate two 1.3-inch magnetic disks, three 1.0-inch 
magnetic disks, or four 0.7-inch magnetic disks arranged in 
a plane. 
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2 
Preferably, each positioner for holding and placing mag 

netic heads in position is Separately configured in associa 
tion with each magnetic disk Spindle, or each positioner is 
shared by each one of groups of Several magnetic disk 
Spindles. 
The Outer dimensions of the housing for accommodating 

a plurality of magnetic disks in a plane may be not more than 
approximately 55 mm by not more than approximately 86 
mm with a thickness of not more than approximately 5.0 mm 
or not more than approximately 55 mm by not more than 
approximately 86 mm with a thickness of not more than 
approximately 3.5 mm. 
The thickness dimension of a magnetic disk is determined 

on the basis of various parameters: 
(a) spindle thickness S+casing thickness ca 
(b) disk thickness d+2x(head thickness (h))+casing thick 

CSS Ca 

(c) positioner thickness p+casing thickness ca, or 
(d) circuit thickness ci--casing thickness ca. 
The two dimensions S in the above paragraph (a) and p in 

paragraph (c) will be provide obstacles to make the disk 
thinner. The Structural feature of a plurality of pairs of a 
Spindle and a positioner will present a Small driving power 
and a Small dimension of thickness for the disk unit accord 
ing to an aspect of the invention. 
The magnetic disks are preferably arranged in the same 

plane as and without overlapping with circuit boards includ 
ing a data writing and reading circuit board, a signal 
processing unit (circuit) board and a circuit board for 
controlling the Starting operation of the magnetic disk 
Spindles and the magnetic head positioners. 
The above-mentioned effects are derived from the fol 

lowing operation. According to the present invention com 
prising at least two Spindles arranged in a housing and 
Selected for writing and reading information, even though a 
plurality of magnetic disks are arranged in the Same plane in 
a housing for writing and reading information, individual 
Spindles can be rotated with a low torque without reducing 
the information recording area on the disk Since the disk 
asSociated with each Spindle is very Small in diameter. 
Further, power consumption can be reduced by rotating only 
a specified disk as required. The use of a magnetic disk 
Smaller than the form factor size generally used permits the 
use of a thinner motor and a thinner Spindle. The Structure 
of the disk unit can thus be reduced in thickness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an outer appearance of a 
magnetic disk unit according to first to fourth embodiments 
of the invention. 

FIG. 2 is a Sectional view of a magnetic disk unit. 
FIG. 3 is a diagram showing the configuration of a 

magnetic disk unit according to the first embodiment of the 
invention. 

FIG. 4 is a diagram showing the configuration of a 
magnetic disk unit according to the Second embodiment of 
the invention. 

FIG. 5 is a diagram showing the configuration of a 
magnetic disk unit according to the third embodiment of the 
invention. 

FIG. 6 is a diagram showing the configuration of a 
magnetic disk unit according to the fourth embodiment of 
the invention. 

FIG. 7 is a Sectional view showing a magnetic disk 
according to the first to fourth embodiments of the invention. 
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FIG. 8 is a diagram showing the configuration of a 
magnetic disk unit according to the fifth embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

EMBODIMENT 1. 

FIG. 1 is a diagram showing the external appearance of a 
magnetic disk unit according to the first to fourth embodi 
ments of the invention. 

FIG. 2 is a Sectional view of a magnetic disk unit. 
A connector 2 for electrically coupling the magnetic disk 

unit with external connection equipment is arranged at one 
end of the depth of a housing having a width W, a depth L 
and a thickneSS H. In the case under consideration, the 
magnetic disk unit is Structured to contain the required parts 
thereof in the housing 1 having a width and depth adapted 
for a 1.8-inch disk with outer dimensions of 54 mmx85.6 
mmx5.0 mm or 54 mmx85.6 mmx3.3 mm and having a 
thickness adapted for a PC card for PCMCIA Standard. The 
first embodiment of the invention is shown in FIG. 3. 

A magnetic disk 3 is rotationally driven on a disk Spindle 
3'. A magnetic head 22, on the other hand, while being 
Supported on a head Support member 21, is adapted to 
randomly access the Surface of the magnetic disk3 by means 
of a head positioner 13. Further, a magnetic disk 4 is 
rotationally driven by a spindle 41', while a magnetic head 
24 can randomly access the Surface of the magnetic disk 4 
by means of a head positioner 14 while being Supported on 
a head Support member 23. Circuit Sections 41, 42 including 
an information writing and reading circuit and a control 
circuit described later are arranged in the Space in the 
housing 1. These component parts are contained in a housing 
of the size shown in FIG.1. The diameter of the disks 3 and 
4 is approximately 33 mm (1.3 inch). What should be noted 
here is that the size of the head positioners 13, 14 is not 
required to be reduced proportionately to a size commen 
Surate with the 1.3-inch unit, and provides the maximum 
Size that can be accommodated in the housing. As a result, 
the driving torque of the head positioners is comparable to 
that of the head positioner of the 1.8-inch unit. The average 
Seek time is improved by about 28% correspondingly due to 
the reduction in disk radius. Also, the power consumed for 
starting the disk is less than half that for the 1.8-inch disk, 
and therefore can be reduced by more than 50% for each 
disk. This is indicative of the fact that the maximum power 
consumption can be kept to less than one half that for the 
1.8-inch disk unit by activating only one disk at the time of 
Starting the disk operation. The disk rotation is preferably Set 
in the direction designated by arrow in the drawing from the 
Viewpoint of minimizing the air turbulence. 

EMBODIMENT 2 

A second embodiment of the invention is shown in FIG. 
4. 
A magnetic disk 5 is rotationally driven by a disk Spindle 

5'. A magnetic head, while being Supported on a head 
Support member, can randomly access the Surface of the 
magnetic disk 5 by means of a head positioner 15. A 
magnetic disk 6 is rotationally driven by a disk Spindle 6', 
and a magnetic head, while being Supported on a head 
Support member, is capable of randomly accessing the 
Surface of a magnetic disk 6 by means of a head positioner 
6". Further, a magnetic disk 7 is rotationally driven by a disk 
Spindle 7", and a magnetic head, while being Supported on a 
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4 
head Support member, is adapted to access the Surface of a 
magnetic disk 7 randomly by means of a head positioner 17. 
These parts are accommodated in a housing of the size 
shown in FIG. 1. The diameter of the disks 5, 6, 7 is 
approximately 25 mm (1.0 inch). It should be noted that the 
size of the head positioners 15, 16, 17 need not be reduced 
proportionately to a size commensurate with the 1.0-inch 
unit and provides the maximum size that can be accommo 
dated in the housing. As a consequence, the driving torque 
of the head positioners is Substantially comparable to that of 
the head positioner for the 1.8-inch unit. The average Seek 
time thus is improved about 40% or an amount by which the 
disk radius is reduced. In addition, power consumed as a 
torque for Starting the disk operation is less than one third 
that for the 1.8-inch disk unit, and therefore power con 
Sumption is reduced by more than 67% for each disk. This 
is indicative of the fact that the maximum power consump 
tion can be reduced to less than one third of that for the 
1.8-inch disk by activating only one of the disks in Starting 
the disk operation. Further, the disk rotation is preferably Set 
in the direction indicated by arrow in the drawing for the 
purpose of minimizing the air turbulence. 

EMBODIMENT 3 

A third embodiment of the invention is shown in FIG. 5. 

A magnetic disk 8 is rotationally driven by a disk Spindle 
8". On the other hand, a magnetic head, while being Sup 
ported on a head Support member, is capable of randomly 
accessing the Surface of the magnetic disk 8 by means of a 
head positioner 18. A magnetic disk 9 is rotationally driven 
by a disk Spindle 9', and a magnetic head, while being 
Supported on a head Support member, is adapted to randomly 
access the Surface of the magnetic disk 9 by means of the 
head positioner 18. Further, a magnetic disk 10 is rotation 
ally driven by a disk spindle 10'. On the other hand, a 
magnetic head, while being Supported on a head Support 
member, is capable of randomly accessing the Surface of the 
magnetic disk 9 by means of a head positioner 19. A 
magnetic disk 11 is rotationally driven by a disk Spindle 11", 
and a magnetic head, while being Supported on a head 
Support member, can randomly access the Surface of the 
magnetic disk 11 by means of the head positioner 19. These 
component parts are accommodated in a housing of the size 
shown in FIG. 1. The diameter of the disks 8, 9, 10, 11 is 
about 18 mm (0.7 inch). What should be noted here is that 
the size of the head positioners 18, 19 is not required to be 
reduced to a proportionately Small Size commensurate with 
the 0.7-inch unit, and provides the maximum size that can be 
accommodated in a housing. As a result, the driving torque 
of the head positioners is Substantially comparable to that for 
the head positioner of the 1.8-inch unit. The average Seek 
time thus is improved by about 60%, that is, by the amount 
of reduction in disk radius. Also, Since the required Starting 
torque is less than one fourth that for the 1.8-inch disk. The 
power consumption is thus reduced by more than 75% per 
disk. This is equivalent to saying that the maximum power 
consumption can be reduced to less than one fourth of the 
power required for the 1.8-inch disk unit by Starting only one 
disk pair. Further, the direction of disk rotation is preferably 
Set as shown by arrow, for example, from the Viewpoint of 
minimizing the air turbulence. 

EMBODIMENT 4 

A fourth embodiment of the invention is shown in FIG. 6. 
A magnetic disk 3 is rotationally driven by a disk Spindle 

3', and a magnetic head 26 while being Supported on a head 
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Support member 25 is capable of randomly accessing the 
Surface of the magnetic disk 3 by means of a positioner 
(head driving mechanism) 20. Further, a magnetic disk 4 is 
rotationally driven by a disk Spindle 4", and a magnetic head 
28, while being Supported on a head Support member 27, is 
adapted to randomly access the Surface of the magnetic disk 
4 by means of the positioner (head driving mechanism) 20. 
More specifically, two heads can access the Surface of the 
respective disks through the same rotational axis and a 
common positioner. The circuit Sections 41, 42 including an 
information writing and reading circuit and a control circuit 
described later are accommodated in the Space in the hous 
ing 1. These circuit parts, as shown in the Sectional views of 
FIG. 7 of the first to fourth embodiments of the invention, 
may be arranged partially under the disks. Also, disk driving 
motors 30, 31 are fitted in a recess formed in the housing 1. 
The structure shown in FIG. 7 is also shared by the first to 
third embodiments in addition to the fourth embodiment. 
These components are contained in a housing of the size 
shown in FIG. 1. The diameter of the disks 3, 4 is approxi 
mately 33 mm (1.3 inch). The same advantages as those 
derived from the disk pair of a similar construction of the 
first embodiment including the shorter average Seek time, 
the reduced power consumption and the favorable direction 
of disk rotation can be achieved also according to the present 
embodiment. 

FIFTHEMBODIMENT 

A fifth embodiment of the invention is shown in FIG. 8. 

FIG. 8 is a block diagram of the invention. First, power 
on/off information is supplied to a power control unit 40 
through a power control interface 39, so that a plurality of 
disk drive motors 30, 31, . . . are rotationally driven in a 
temporally Sequential order. The control circuit 36 controls 
a digital information writing and reading circuit 35 and a 
circuit 37 for positioning the magnetic head 26 on the basis 
of a control signal, an address or the like Supplied from an 
external Source through an interface 34. The positioning 
circuit 37 applies a servo signal to a servo amplifier 38 on 
the basis of a position signal and a Velocity Signal generated 
on the basis of the positioning information or the like of the 
magnetic disk. The magnetic head 26 is thus positioned at a 
predetermined radial point on the disk by means of the head 
positioner 20. 

In the case where the disk rotation is started or Stopped as 
instructed by the user is possible. For example, the motors 
for driving the disks are prioritized for operation by the 
control circuit 36 through the power control circuit 40 in 
accordance with an external information read or write 
instruction. As a result, the disk first to be accessed follow 
ing the State of the disk rotation being Stopped, what is called 
the Sleep mode is always activated in priority. The quick 
rotational activation thus is made possible without increas 
ing the power consumption. 

According to the present invention, there is provided a 
magnetic disk unit of 1.8-inch form factor Size, which is 
Small in power consumption, short in average Seek time and 
high in performance. 
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The recording density of at least 1000 Mb (megabits)/in 

or more is possible for the magnetic disk. In the case using 
two 1.3-inch disks, the recording capacity of 250 MB 
(megabytes) or more is possible for the unit as a whole. 

2 

What is claimed is: 
1. A Small memory unit with a hard disk comprising a 

housing having a predetermined single size corresponding to 
a PCMCIA form factor for a single hard disk having a 
predetermined diameter, a plurality of magnetic disks each 
having a diameter Smaller than Said predetermined diameter, 
a plurality of Spindles for Supporting and rotating Said 
magnetic disks, a plurality of magnetic heads arranged face 
to face with the magnetic disk Surfaces for writing and 
reading Signals, at least one positioner for holding and 
Setting the magnetic heads in position, and a housing for 
accommodating the foregoing components, wherein a plu 
rality of the magnetic disks are arranged in the same plane 
without being overlapped with each other in Said housing, 
wherein the size of Said larger magnetic disk having a 
predetermined data area is 1.8 inch, and two 1.3-inch 
magnetic disks are arranged in a plane in a housing intended 
for said 1.8-inch disk. 

2. A Small memory unit according to claim 1, further 
comprising a pair of Spindle motors for Sequentially starting 
a pair of Spindles Supporting the two 1.3 inch magnetic 
diskS. 

3. A Small memory unit according to claim 2, further 
comprising control means for rotating one of the 1.3 inch 
magnetic disks having data corresponding to a predeter 
mined address before starting rotation of the other of the 1.3 
inch magnetic disks. 

4. A Small memory unit according to claim 1, further 
comprising electric circuits provided within the housing. 

5. A Small memory unit according to claim 4, wherein the 
electric circuits include at least one of a reading circuit, a 
Writing circuit and a control circuit. 

6. A Small memory unit according to claim 1, wherein one 
of the two 1.3 inch magnetic disks rotates in opposite 
direction to the other of the two 1.3 inch magnetic disks. 

7. A Small unit with a hard disk comprising a housing 
having a predetermined single size corresponding to a 
PCMCIA form factor for a single hard disk having a 
predetermined diameter, a plurality of magnetic disks each 
having a diameter Smaller than Said predetermined diameter, 
a plurality of Spindles for Supporting and rotating Said 
magnetic disks, a plurality of magnetic heads arranged face 
to face with the magnetic disk Surfaces for writing and 
reading Signals, and at least one positioner for holding and 
positioning Said magnetic heads, wherein Said magnetic 
disks Smaller than Said Single hard disk have a total data area 
on one side thereof equal to the data area of Said Single hard 
disk on one side thereof and are arranged in a plane in Said 
housing, wherein the diameter of Said Single hard disk is 1.8 
inch, and wherein Said plurality of magnetic disks comprise 
two 1.3-inch magnetic diskS. 


